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ABSTRACT

The selection of an appropriate seed source is crit ical for suc-
cessful  southern pine plantat ions.  Guides for selection of seed
sources are presented for loblolly,  slash,  longleaf,  Virginia,
shortleaf,  and sand pines.  Separate recommendations are given for
areas where fusiform-rust hazard is high.

KEYWORDS: Planting zones, provenance tests, geographic
variation, Pinus Pinus  elliottii,  Pinus  palustris, Pinus
virginiana, Pinus echinata, Pinus  clausa.

Introduction

Establishing a forest plantation is hard work, and it is expensive. Seed-
lings must be bought, and vegetation that may compete with the young
trees should be controlled. The seedlings must be cared for before they are
planted, and they must be placed in the ground carefully, one at a time.
Finally, the plantation must be protected as it develops. The cost of the
seedlings is only a small part of the total. Yet a poor choice of planting
stock frequently  reduces the productivity of plantations and sometimes
causes outr ight  fai lures.



Of course,  the proper species must be chosen for the planting si te.  But
the choices do not  end there.  Among southern pines,  the most  commonly
planted species  in  the Southern United States ,  i t  i s  a lso important  to  use
the best  seed source.  If  you are planting in coastal  South Carolina,  are you
better off with planting stock from local, Virginia, or Louisiana seeds?
This publicat ion is  designed to help you make these cr i t ical  choices.

Does the seed source make all that much difference? It certainly does.
Many years of scientif ic study show that  the seed source can strongly af-
fect survival and subsequent growth of southern pines. Perhaps the most
important early study of pine seed sources was Philip C. Wakeley’s
Bogalusa, LA, planting of 1927. There, loblolly pines (Pinus  taeda  L.)
grown from local  seeds produced about twice the wood volume through
age 22 as did trees of the same species grown from Arkansas, Georgia,  and
Texas seeds. Since Wakeley’s pioneering study, a great deal has been
learned about geographic variat ion in southern pines.  The Southwide Pine
Seed Source Study was a cooperat ive effort  ini t iated in 1961 by the South-
ern Forest Tree Improvement Committee,: Federal, State, university, and
industry foresters  throughout  the South worked together  to discover the
patterns of geographic variation in the southern pines. The results of this
work are summarized in publications by Dorman  (1976),  Wakeley (1961),
Wells (1969, 1983),  and Wells and Wakeley (1966).

These studies show that most southern pine species have reacted to
differences in environmental conditions by developing different traits in
different places through the process of natural selection. Therefore, there
are races (ecotypes) of southern pines that grow faster in certain areas
than in others. Some of these races are more resistant to disease or more
tolerant of cold than other pines of the same species. The recognition of
these patterns of geographic variation was the first step in the process
of genetic improvement of  the southern pines.  All  successful  southern pine
breeding programs are built on this foundation of geographic variation.
Important gains in growth and disease resistance can often be made sim-
ply by selecting the best seed source for a given planting location. With
some species, additional gains can be had by using the improved stock
coming from tree breeding programs.

Planting seedlings from a seed source that is poorly adapted to your
site can cause devastating losses.  Even if  the trees survive,  their  reduced
growth will adversely affect yields throughout the timber rotation. It is
better to postpone planting for a year rather than to risk the unfortunate
resul ts  of  plant ing i l l -adapted seedl ings.

Gene Conservation

Much has been writ ten in recent years about conservation of gene pools
in breeding programs. ,Forests  in the South contain a r ich gene pool that
is not likely to be depleted by tree breeding. In fact, the moving of pol-



len and seeds great distances for breeding and planting encourages new
genetic combinations that were previously unknown.

Tree improvement programs utilize genes and gene complexes that are
only a small sample of the entire gene pool. These programs conserve ge-
netic resources in clone banks, seed orchards, and genetic tests. In
addition, these programs often create new genetic variability when trees
from widely separated areas are intermated and their offspring are uti-
lized for reforestation.

Substantial areas of southern forests are regenerated by natural
methods. These aseas will preserve much of the natural gene pool of the
forest species of the South.

We recommend that all southern forestry organizations establish the
following programs to encourage the preservation of the existing south-
ern gene pool and to assure a wide genetic diversity for the future:

. Promote the use of genetically sound practices for both artificially and
naturally regenerated forest stands.

l Discourage dysgenic practices such as high-grading and diameter-limit
logging.

l Encourage land owners to:

a. Leave only the highest quality seed trees when natural regenera-
tion is used.

b. Leave an aldequate  number of seed trees which will add to the di-
versity of the gene pool.

. Inform the pu’blic  about the risks of planting poorly adapted seedlings
or seeds.

. Continually evaluate the status of minor, threatened, and endangered
forest species. Establish natural areas for the preservation of these
species. Plant these species whenever suitable sites are available.

Select the Best Species for Your Site

When a site is to be regenerated, the choice of species is often the most
critical decision to be made. If there are abundant, healthy, fast-growing
trees on the site, probably the safe choice is to replant the same species.
However, if there are no trees, or only a few trees which are slow-
growing, poorly formed, and obviously not well suited to the site, another
species or possibly another seed source of the same species should be
considered. A common mistake is to use a single species over a large area
without considering the variation in site quality within the area (Balmer
and Williston 1974).  The best indicator for a particular site is a healthy,
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vigorous plantat ion growing on a s imilar  s i te .  Good survival  and growth
through at least one-half of the rotation usually is a reliable predictor of
success.

Other important  considerations are the product desired,  and nontimber
considerations such as hunting or grazing,  and local  f ire and disease
hazards.

The fol lowing checklis t  may be helpful  in choosing a species:

l Are there pines growing locally?

. Are these trees healthy and fast growing?

. What products are desired?

. Will the land be hunted or grazed?

. Are there local disease hazards such as fusiform rust?

. Is the land vulnerable to wildfire or arson?

. Is the land subject to flooding or extreme drought?

. Is the area likely to have ice storms?

Careful  considerat ion of  these quest ions should expedite the select ion of
the best  species to plant .  Addit ional  information on species select ion can
be found in Balmer and Williston (1974) and Dorman  (1976).

Physiographic Regions
of the South

Conditions for tree growth vary greatly over the South due to differ-
ences in geology,  elevation,  soils ,  cl imate,  and competing vegetat ion.  Fig-
ure 1 shows the major  physiographic regions of  the South.  Within these
physiographic regions,  southern pines have evolved into dist inct  species,
races, and ecotypes.

Genet ic  Improvement
of the Southern Pines

Seed orchards have been established to supply genetically improved
seeds for certain physiographic provinces or geographic areas.  For
example, the Georgia Forestry Commission established the Arrowhead
Seed Orchard from trees selected within natural stands and plantations
growing on the coastal  plain of Georgia.  The seeds collected from this or-
chard are used to raise seedlings for planting on coastal plain sites in
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Figure l.-Physiographic provinces of the South.
(Adapted from Nelson and Zillgitt 1969.)

Georgia. These seedlings may not perform well on Piedmont  or mountain
sites. Until the seedlings are actually tested on these other sites, it is im-
possible to predict how well they will survive and grow there. For this
reason, it is important to carefully match all seed sources with the plant-
ing s i te .  A genet ical ly improved seedl ing is  of  no value i f  i t  dies  or  wil l  not
grow because it is not adapted to the planting site.

A tree is selected for seed orchard use on the basis of i ts performance
in competition with its neighbors on a specific site for a specific period of
time. Although the majority of these sites are coastal plain sites, some
may not be “typical” coastal plain sites. If a sufficiently large number of
trees is used to establish the orchard, a fair amount of site variation,is
sampled in the selection process. As a result, natural cross pollination
within the orchard will create many new genotypes that should be
adapted to a wide range of sites.

Progeny tests are designed to estimate the breeding value of the se-
lected trees.  When the progeny of certain selections do not perform well
on the test sites, the grafts of those selections will be rogued (removed)
from the orchard. If the test sites are a good representation of regenera-
tion sites, the progeny test will weed out most of the poorly adapted
famil ies .

5



When the progeny of a select  tree perform well  on one si te but poorly
on another site, compared with other seedlings, there is a genotype x
environment interaction. Since these genotype x environment interactions
have usually been small in most southern pine progeny tests, it appears
that first-generation seed orchards are producing trees with a wide range
of adaptabili ty.

Movement of Seed-Orchard Seeds
and Seedl ings

Moving seeds or seedlings to a region where they have not been tested
involves some degree of r isk.  This is  true for seedlings from seed orchard
seeds as well as from woods-run seeds. Drought, ice, or extreme cold can
be devastating to trees from seed lots that are not adapted to that spe-
cific hazard.  The decision to plant fast-growing seedlings,  which may not
be adapted to local hazards,  should be based on a comparison of the poten-
tial gain in wood production with the risk of loss from extreme weather,
pathogens,  or  unusual  growing condit ions.

Figure Z.-Areas of major commercial  use of nonlo-
cal loblolly pine seedlings (Kraus  and others 1984).
Coastal North Carolina seeds used in Arkansas + Okla-
homa (A) for increased growth rate.  Livingston
Parish, Louisiana, seeds used from Mississippi to
South Carolina (B)  for increased rust resistance.



Some organizations have elected to accept some risk in the belief that
the addit ional  wood produced by fast-growing sources wil l  outweigh the
possible loss.  Weyerhaeuser’s  planting of  North Carolina coastal  loblol ly
seed orchard seedlings in Oklahoma and Arkansas has been very success-
ful for several years (Lambeth and others 1984) Cflg.  2). Seed source stud-
ies have also indicated a lo- to l&-foot height advantage of South Caro-
lina coastal loblolly seedlings over an Oklahoma source after 25 years in a
south Arkansas plantat ion (Wells  and Lambeth  1988).  Similar  gains have
been reported with other Atlantic coastal loblolly sources (Lantz and
Hofmann 1969; Wells and Switzer 19’71). Likewise Livingston Parish lob-
1011~  seedlings have been planted over hundreds of thousands of acres in
the southern coastal plain (fig. 2). They have exhibited substantial rust
resistance while maintaining good growth rates (Wells 1985).

The decision to plant  seeds or seedlings which are not  native to a given
area always involves some degree of r isk.  Even long-standing exotic plan-
tation programs encounter new hazards; for example, Dothistromu  nee-
dle.blight in PinzLs  rudiata  plantings in Brazil, South Africa, and New
Zealand (Zobel and Talbert 1984). However, new pathogens or disastrous
weather patterns can also affect native stands. Witness the growing con-
cern over pitch canker in the South or the frequent hurricane damage on
the coast of the Gulf of Mexico.

State Forestry Organizations

Because of their diverse clientele, State forestry organizations must
take a more conservative approach to seed sources than forest industry.
Few nonindustrial  private forest  landowners have the knowledge to make
sound decisions about  the best  sources to plant  on their  own land.  Indeed,
far too few service foresters are in a position to offer well-founded ad-
vice on this question. For this reason, most State nursery programs pro-
vide seedlings from local sources. Recently, however, a number of South-
ern States have grown loblolly seedlings from Livingston Parish,
Louisiana, seed because of their good fusiform-rust resistance and fast
growth.

Seedlings from Southern State seed orchards can be expected to have
significantly improved bole straightness and branching characterist ics,  with
moderately improved growth rates. Seedlings from rust-resistant seed or-
chards should have greater resistance to fusiform  rust than nursery-run
seedlings with no reduction in growth rates or wood quality.

F&form Rust

In areas of high rust hazard, landowners and foresters often must
choose between unimproved seedlings with some natural resistance to fu-
siform rust and susceptible but faster growing seed-orchard seedlings.
First-generation seed orchards are now producing enough seeds to sat-
isfy most planting requirements throughout the South, but the rust-
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resistant orchards are several years from fulfilling demand. The decision
to use seedlings from rust-susceptible orchard seeds that have been ge-

netically improved for growth rate and form or to use seedlings from unim-
proved but resistant wild seeds (e.g., Livingston Parish or east Texas
loblolly) is difficult. Ideally, it should be made by integrating several
factors: degree of improvement in traits other than resistance expected
from orchard seeds, degree of improvement expected in resistance from
wild seeds, and the hazard rating of the area to be planted. Research
aimed at quantifying this decision is now underway. A growth and yield
model incorporating fusiform rust will be used in this effort (Nance  and
others 1983).

Seed and Seedling Certification

Certification programs are designed to identify and control the quality
of forest tree seeds and seedlings (Barber 1975). With the exceptions of
Oklahoma, Tennessee, and Virginia, all the Southern States in which lob-
1011~  pine is a major species have laws to certify forest tree seeds. Un-
der these laws, certification  can be obtained for seeds originating in natu-
ral stands, seed production areas, or seed orchards. In some cases, the
expected amount of improvement in growth and disease resistance from
seed-orchard seeds is  included in the cert if ication.

Cert if ied seeds must  also meet  established standards of  puri ty,  percent-
age of filled seed, and germination. These requirements protect the buyer
and encourage the seller  to offer  only seeds of known origin and quali ty.

In most States, three levels of seed certification are available:

1. Source-Identified Seeds (Yellow Tag).  These seeds may be from natu-
ral stands, plantations of known provenance, or seed production areas of
known geographic origin.  Only the geographic location is  cert if ied.

2. Selected Tree Seeds (Green Tag). Selected tree seeds are from un-
tested but rigidly selected trees or stands that have potential, but not
proof, of genetic superiority.

3. Certified Tree Seeds (Blue Tag). These are seeds from trees of
proven genetic superiority, produced so as to assure genetic identity. At
present,  these seeds are usually from seed orchards in which the selected
trees have been progeny tested and the poorest trees removed on the ba-
sis of the test results.

The international certification of forest reproductive material is gov-
erned by the Organization for Economic Cooperation and Development
(OECD) (Rudolf 1974).
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Southern Pines

This section provides specif ic information on seed sources for  the south-
ern pine species that are commonly used in forest plantations: loblolly,
slash (P&us elliottii  Engelm.), longleaf  (P. palzlstti  Mill.), Virginia (P.
tirgG&zo  Mill.), shortleaf (P. e&x&u  Mill.), and sand pines (P. claz~sa
(Chapm. ex Engelm.)) Vasey ex Sarg. Additional information on pitch
pine (P. tigida  Mill.), pond pine (P. serotina  Michx.), spruce pine (P.
glabru Walt.), and Table Mountain pine (P. p%ltge?%s  Lamb.) can  be
found in Dorman (1976).

Southern pine species vary widely in natural  range, economic value,  and
degree of genetic improvement. In this section, we describe the natural ’
range, geographic variation, genetic improvement, and recommended
planting zones for  the species mentioned.

I t  must  be emphasized that  local  s i te  condit ions such as  soi ls ,  s lope,
and competing vegetat ion must  be carefully considered in any si te  analysis .
These planting zone recommendations are baaed on the majority of si tes
within the zone, but local exceptions will occur.

Literature citations indicate sources of more detailed information.

The southern pine species often hybridize in areas where different spe-
cies occupy the same sites. The most common natural hybrids are Son-
derregger pine (longleaf x loblolly) (Chapman 1922),  loblolly x shortleaf
pine (Zobel 1963),  and loblolly x pond pine (Saylor and Kang 1973).

The pitch x loblolly pine hybrid has been produced artificially in Ko-
rea for many years (Hyun  1970) and is currently planted on cold, dry sites
on the Cumberland Plateau (Little and Trew 1976).

Recent work in the South has indicated that shortleaf x slash pine hy-
brids often outgrow the parental  species (Wells and others 1978).  Research
with loblolly x shortleaf pine hybrids indicates the potential for improved
fusiform-rust resistance, when compared with the parental species (La
Farge and Kraus 1930).

The successful  planting of hybrids requires a very careful  si te analysis.
Both the pitch x loblolly hybrid and the shortleaf x loblolly hybrid will per-
form well when the planting sites are properly selected. Additional in-
formation on southern pine hybrids may be found in Dorman (1976).
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Loblolly Pine

Loblolly pine is the most important southern pine. It produces over
half of the total southern pine wood volume (Dorman 19’76), and it ac-
counts for  about  80 percent  of  al l  southern pine seedling production in
the United States. Because of loblolly pine’s importance, its breeding and
planting programs are the largest in the world.

Within its natural range, which extends from southern New Jersey to
southeast Texas (fig. 3),  loblolly pine occupies a great diversity of sites. It
grows faster than any of the other southern pines on well-drained pro-
ductive sites. It is not the best choice, however, on very dry sands or on
wet  f la twoods s i tes .

Geographic Variation

Geographic variation in loblolly pine has been well documented for
growth rate, disease resistance, cold tolerance, and drought resistance
(Dorman  19’76). Eastern coastal sources are usually faster growing and
more susceptible to fusiform rust than are western sources. On the other
hand, loblolly sources from west of the Mississippi River are usually
more drought resistant than eastern sources (Wells 1985).

Loblolly seedlings from Livingston Parish, Louisiana, have been widely
planted on coastal plain sites throughout the South due to their fast
growth and good resistance to fusiform rust. Because they are highly



susceptible to ice damage, however,  these seedlings should not be
planted too far north. (See discussion under Fusiform Rust.)

Genetic Improvement

Genetic improvement of loblolly pine started in the mid-1960’s with the
establishment of seed production.areas and seed orchards.  Seed produc-
tion areas were high-quality natural stands thinned to the best 10 to 20
trees per acre and managed for cone production. Although the genetic
gain calculated from seed production areas was small (Easley 1963),  they
were convenient sources of seeds from above-average trees in known geo-
graphic areas.

Seed orchards of loblolly pine were established primarily by grafting.
The parent trees were selected for fast growth, good form, high-quality
wood,  and freedom from insect  and disease symptoms.  Progeny tests  indi-
cate a gain of from 19 to 20 percent in volume and’up  to 32 percent in
value for f irst-generation progeny compared with unimproved nursery-run
seedlings (Talbert  and others 1985).

Some loblolly pine seeds from first-generation seed orchards are cur-
rently available on the open market.

1/-
Figure 4.-Loblolly  pine plant ing zones.

Recommertded  Planting Zones

Loblolly pine planting zones have been located in the South based on
topography, climate, soils, vegetation, and (of greatest importance) plan-
tation performance. These planting zones are shown in figure 4. The
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recommended seed,sources  for each zone are presented on the pages that
follow. Recommendations are summarized in table 1.

Zone l-Virginia. If seeds from a local seed orchard or seed produc-
tion area are not available, seeds should be collected from local stands
with above-average stem form and growth. Where seeds from a local stand
are not available,  movement of seeds a short  distance to the north would
probably be more advantageous than moving seeds south. For example,
seeds from southern Virginia would probably perform well in Maryland
and Delaware, but these seeds would not be a good choice for North
Carolina. When local seeds are not available, the most conservative ap-
proach would be to use seeds from the North Carolina coastal  plain in the
coastal plain of Virginia. Likewise, North Carolina Piedmont  seed should
be used in the Piedmont  of Virginia.

Zone %-Coastal  Plain: North Carolina. In the coastal plain of
North Carolina (fig. 4, zone 2), local seed sources should be favored.
These coastal  sources from the Carolinas have been consistently fast  grow-
ing in tests on a wide range of sites in the South (Lantz and Hofmann
1969; Wells and Switzer 1971). There may be some slight growth advan-
tage to moving seeds north from South Carolina into North Carolina.
However, due to the generally colder climate in the Piedmont  of these
States, and the increased frequency of ice and snow, it is not recom-
mended that coastal plain sources of loblolly pine be moved into the pied-
mont (Jones and Wells 1969).  Northern Piedmont  sources of  loblolly have
grown well, however, for up to 8 years in the northern coastal plain
(Talbert and Weir 1979).

Zone “Piedmont: North Carolina to North Mississippi. The
northern portions of Mississippi, Alabama, and Georgia and the Piedmont
areas of South Carolina and North Carolina (fig. 4, zone 3) make up an-
other area of relatively uniform climate. In the absence of improved local
sources of loblolly pine, movement of seeds either east or west within
this  region should produce acceptable results .

Zone 4-Coastal  Plain: South Carolina to Mississippi. The area
extending from Louisiana east of the Mississippi River through the
coastal plain of Mississippi, Alabama, north Florida, Georgia, and South
Carolina is climatically homogeneous (fig. 4, zone 4). Fusiform rust is
most prevalent in this area, and in some local “hot spots” almost totally
destruct ive.  If  seeds or  seedlings of  improved strains of  loblol ly pine with
proven disease resistance are not available, the best natural seed source
for this area is Livingston Parish, Louisiana. East Texas loblolly has also
been used successfully on high-rust-hazard si tes,  but  this  source is  usu-
ally slower growing than Livingston P’arish  loblolly. (See Specific Prob-
lems - Fusiform Rust.)

Zone S-East Texas to West Louisiana. West of the Mississippi
River, in Louisiana and southeast Texas (fig. 4, zone 5),  local seed
sources have grown well. They are consistently more drought hardy than
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sources from east of the river and survive well after planting. Eastern
sources of loblolly have suffered heavy mortal i ty when planted in this  zone
(Long 1980).

Zone CSouth Arkansas to Southeast Oklahoma. Several long-
term tests  have shown that  loblol ly  pine from east  of  the Mississ ippi  River
has, inherently, a faster growth rate than western loblolly. Trees from
some eastern sources have grown about 8 feet taller than western trees
in 26 years-a substantial difference (Wells and Lambeth 1999). In the
last few years some forest products manufacturers with land in southern
Arkansas,  southeastern Oklahoma, and the Ouachita Mountains of Arkan-
sas and Oklahoma have planted substant ial  numbers of  loblol ly seedlings
from Atlantic Coastal Plain sources (Lambeth and others 19g4).

Such seed source movement entails a certain amount of risk; just how
much is not certain. In the long-term tests mentioned above, certain east-
ern sources suffered heavy mortality at about age 20. Damage was great-
est among sources from the mildest climates; i.e., near the gulf and Atlan-
tic coasts in Florida, but a few other sources, distributed at random east
of the Mississippi River, were also hard hit. Damage was thought to be
due to very .high  stand densities in the fast-growing coastal sources, in
conjunction with b,ark  beetle attack (Wells and Lambeth 1983). Local Ar-
kansas and Oklahoma sources were not damaged. It is hoped that Atlan-
tic coast sources of loblolly can be successfully grown in Arkansas and
Oklahoma if they are restricted to the better sites and if stands are kept
thrifty by judicious thinning.

All  factors  considered,  the use of  loblol ly from the Atlant ic  Coastal  Plain
is probably not a viable strategy for most small private landowners west
of the Mississippi River. It requires the ability to carefully assess  the geo-
graphic location and site quality, the resources and long-term continuity
to carry out thinnings when necessary,  and the capacity to absorb losses.
Also,  small  private landowners would have to make special  arrangements
to obtain seeds and to produce seedlings.  The State nurseries in Arkansas,
Oklahoma, Louisiana,  and Texas produce only seedlings of local  origin.
Therefore, only large forest-products industries have the facilities to take
advantage of  this  technology at  present .

Zone &Western Tennessee, Western Kentucky, Southern Illi-
nois. Western Kentucky and western Tennessee often experience severe
cold.  Loblol ly is  not  nat ive to this  area,  but  Barbour (1980) has done exten-
sive test ing of  loblol ly seed sources in this  area.  Loblol ly seeds from north-
ern Mississippi, northern Alabama, and northwestern Georgia have per-
formed much better than other sources. Sources from eastern Virginia,
northern North Carolina, and central Arkansas have also performed well.

In southern Illinois, Gilmore  (1980) found loblolly from southwestern
Arkansas and Maryland to be the only sources tested which were resist-
ant to cold and &ce  damage.
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Table 1.-Recommended  loblolly  seed sources for each  planting zone

Z o n e Pref4  seed sources Special situations

l-Virginia . . . . . . . . . * . . . . . . . . . . . . . 1. Local seed orchard or seed-production Eastern Shore:
a r e a 1. Local seed orchards

2- H@quality  natural stands or 2. Improved sources from Virginia
phtations  in Zone 1 coastal  p la in or  piedmont

3. Northern North Carolina

2-f2msu  Plain: 1. Local se&  orchard or seed-production
NorthCarolina  . . . . . . . . . . . . . . . . . . area

2. Highquality  natural stsnds  or
plardtionsinthesouthernpart
afzone2

3-Piedmont: North Carolina 1. Local  seed  orchard or seed-production
to north Mississippi . . . . . . . . . . . . . . . a&

2. Highquality  natural stands or planta-
tionsinzone3

3. ITighquality  sourees from Vii or
-wbd

-

-

-

-



Aoastal  PlaiIX
south  Carolina to
Mississippi . . . . . . . . . . . . . . . . . . . . .

CEast Texas to west
Louisiana .  .  .  . .*. .*. . . . . .*. . . . . .

6-south Arkansas  to
soutieast  oklahoma . . . . . . . . . . . . . . .

O-Western Tennessee,
western Kentucky,
southern Illinois

1. Improved sources with proven fusiform-
rust resistance

2. Livingston Parish (see F&form Rust
section)

1. East Texas sources

Atlantic coastal sources &om  Zone 2
have produced good growth on the
better sites on short rotations, but
the risk of loss is substantial (see
discussion under Zone 6)

1. North Mississippi, north Alabama,
or northwest Georgia

2. Central Arkansas
3. Eastern Virgin&  northeastern

North Carolina, or the eastern
shore of Vbginia  and Maryland

Sandhills sites: Careful site
analysis required. Longleaf,
Choctawhatchee sand pine, or
Texas drought-hardy loblolly may be
suitable

High fusiform-rust-hazard  sites:
Use fiisiform-rust-resistant  seed
orchard or Livingston Parish (see
Fusiform Rust section)

Dry sites: drought-hardy source
from Texas Forest Service

Dry sites: Local seed orchards or
seed-production areas. Shortleaf
should be planted on dry ridge
sites or at higher elevations

-



Figure S.-Northern limit for planting Livingston
Parish loblolly pine.

Spec$c Problems

F&form  Rust. Most  loblol ly  pine sources  from west  of  the Missis-
sippi River and from the northeastern extremity of the range (Maryland
and Virginia) are classed as strongly resistant to fusiform rust. Living-
ston Parish, Louisiana, and east Texas sources are moderately resistant,
and all the rest of the loblolly population east of the Mississippi River is
susceptible. Most western sources are slower growing than sources from
the same latitude east of the Mississippi River, however, and the iiorth-
eastern sources are relatively slow growing when brought south to areas
of high rust hazard.

Livingston Parish is the only geographic source with high rust resist-
ance that  grows as fast  as  the general ly susceptible loblol ly populat ions
from the gulf and Atlantic coasts. It is sensitive to cold, however, and
should not be moved north farther than the limits shown in figure 5. Liv-
ingston Parish seedlings have exhibited poor form north of this line in
both Georgia (Wells 1985) and Arkansas (Wells and Lambeth 1983).

For planting sites with a high rust hazard, loblolly seed sources should
be considered in the following order:

1. Seeds from a seed orchard established specifically for resistance to
rust.
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2. Seeds from a progeny-tested and rogued seed orchard in which the
tests included a high-rust-hazard site.

3.  Seeds from a progeny-tested seed orchard in which the tests included
a high-rust-hazard site.

4. Unimproved seeds from Livingston Parish or east Texas.

6. Untested seed-orchard seeds.

6. Local woods-run seeds.

Dry Sites. Sandhills sites are a real challenge for reforestation. Often
the key to success is the correct analysis of the site followed by the cor-
rect choice of species and seed source. Among the choices are longleaf  pine
(Dennington and Farrar  1983),  Choctawhatchee sand pine (Outcalt  and
Brendemuehl 1986),  and drought-hardy loblolly pine from Texas.

Carol ina sandhil ls  s i tes  have t radi t ional ly been planted with ei ther  s lash
or longleaf  pine. The slash pines usually grew very slowly, whereas the
longleaf  pines failed to survive. Recent studies by members of the N.C.
State University-Industry Cooperative Tree Improvement Program (1983)
have indicated that drought-hardy loblolly seedlings from Texas can sur-
vive and grow better than other loblolly sources and other species
(including Choctawhatchee sand pine)  on some sandhil ls  s i tes .  Although no
source grew rapidly, the drought-hardy loblolly had high survival, very
low rust, and a much greater volume than any of the other sources. The
drought-hardy Texas loblolly source was also the most  resistant  source
to fusiform rust on several other sites. These plantings are only 4 and 9
years old, but their results are encouraging in that they do provide some
new alternatives for regenerating sandhills sites.

Slash Pine

Slash pine has a relatively small natural range from coastal South Caro-
lina west to eastern Louisiana (fig. 6). The typical variety (var. elliottii)
exhibits very little geographic variation in commercial traits, but many ac-
tive breeding and planting programs worldwide are based on trees se-
lected from this variety.

South Florida slash pine (var. densa)  differs from the typical variety in
a number of characteristics, including a seedling grass stage. In central
Florida where the two varieties overlap, many traits vary in a clinal pat-
tern (Fisher 1983).

Geographic Variation

Although major differences between slash pine populations are difficult
to detect, Squillace (1966) has identified a definite geographic pattern of
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Figure &-Natural range of slash pine.

.8

Figure ‘I.-Average lOth-year heights of slash pines
from 60 sources throughout the natural range (Squil-
lace 1966).
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height growth at age 10. The best sources were from a narrow zone run-
ning from coastal South Carolina to southeastern Louisiana (fig. 7).

Unfortunately, no clear geographic pattern of fusiform-rust resistance
has been identified within the natural range of slash.pine  (Goddard and
others 1983).

Genetic Zmpovement

Slash pine seeds from tit-generation seed orchards are available on the
open market.  Although important effects of slash pine seed sources have
seldom been recorded, some clones have demonstrated genotype X environ-
ment interactions (Rockwood 19’74).  For this reason a local  seed orchard
is a safer source than a more distant orchard.

In addition to improved growth rate, the primary regeneration need is
for improved resistance to fusiform rust. Seedlings from first-generation
slash pine seed orchards have demonstrated good gains in growth, but
fusiform-rust infection rates have been higher than expected (Kraus  and
La Farge 1984). Although 80 percent of the early slash pine selections in
the Florida cooperative program produced progenies with above-average
growth rates, 55 percent were below average in rust resistance (Goddard
and others 19’73).  Apparently, the early selection for rust resistance was
not effective.

Recommended  Planting Zones

The most important seed source recommendation for slash pine is to
avoid the South Florida variety. The typical variety has performed bet-
ter wherever planted. The most impor$ant commercial seed source of
slash pine--southern Georgia and northern Florida-does have some of the
characteristics of the South Florida variety to a small degree. It is less
drought hardy and less cold resistant than slash pine from the northern
or western extremities of the range (South Carolina, Mississippi, and
Alabama). These characteristics are of little importance if the plantings are
to be made within the natural range of slash pine where drought and cold
do not reach critical levels, but it could be important if plantings are north
or west of the natural range.

Although seed-orchard seeds are available,  some woods-run seeds may
still be collected and marketed. The following guidelines for source selec-
tion are suggested for either seed-orchard or unimproved seeds (Goddard
1983) for:

l Planting north or west of the species’ natural range, seeds from the
northeastern or western extremities of the species’ range (South
Carolina, Mississippi, or Louisiana) are preferred.

l Planting within the natural range of slash pine as far south as the lati-
tude of Tampa, seeds from the optimum growth zone (fig. 7) should
perform best.
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l Planting south of  the lat i tude of  Tampa,  seeds should be collected from
near the latitude of Alachua County in northern Florida (Dorman
19’76).  A high incidence of pitch canker has been observed when more
northern seed sources were planted in southern Florida.

Because geographic variation occurs within as well as between varie-
ties,  seed buyers should demand cert if ication of the exact  origin (State and
county)  of  seed lots .

Specific  Problems

Fusiform Rust. When regenerating sites with a high fusiform-rust
hazard, the following order of preference should be observed in selecting
seeds and seedlings.

1.  Seed orchards established specifically for increased rust resistance.

2.  Seed production areas established in highly infected stands where se-
lection of disease-free trees was intensive.

3. Seed-orchard cone collections restricted to the most rust-resistant
clones in the orchard.

Pitch Canker. Natural stands in areas with a high incidence of pitch
canker have experienced strong selection pressure against susceptible
trees. Seed collection from the best trees in these local natural stands
appears, therefore, to be the best procedure for obtaining stock with
some resistance to the disease (Goddard and others 1983).  Another alterna-
t ive is  to  col lect  seeds from the most  resis tant  clones in establ ished seed
orchards (McRae  and others 1986).

High Gum Yield. When high gum yield is a primary objective, seed-
lings can be obtained from State seed orchards established for high gum
yield. Most of these orchards were established with plant material from
the USDA Forest Service naval stores breeding program at Olustee, FL.
These seedlings should produce about 50 percent  higher gum yields than
nursery-run seedlings, with some improvement in growth rate and yield
of tall oil.

Longleaf  Pine

Longleaf  pine is  adapted primari ly to  coastal  plain s i tes  from southeast-
ern Virginia to east Texas (fig. 8). The delayed height growth (grass

L; stage) of this species is unique. It must be grown at low density in the
nursery and it requires special care in storage, transportation, and
plant ing .

Longleaf planting programs are currently being expanded in a number
of organizations because the species has natural resistance to fusiform
rust, excellent form, and high-quality wood.
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Geographic variat ion in longleaf  p ine  is  not  as  obvious  as  in  loblol ly  and
slash pine, but differences of commercial importance have been noted. It
is most important, as in slash pine, to avoid seed sources from the south-
ern extremity of the range. Seedlings from central Florida sources have
a poor survival rate when planted north of peninsular Florida (Wells and
Wakeley 1970a).

Longleaf  f rom west  of  the Mississ ippi  River  should not  be moved east
of the river. Several tests have shown it to be more susceptible to brown-
spot needle blight (Scirrhia  &cola)  than longleaf  from the gulf coast
east of the Mississippi River (Henry and Wells 1967).

Longleaf  from the mountains of  Alabama and Georgia should not  be used
near the gulf coast, nor should gulf coast stock be planted in the moun-
tains. Growth losses will occur.

The central gulf coast seed source, from south Mississippi to about
Okaloosa County, Florida, has grown exceptionally well in Southwide
Pine Seed Source Study plant ings  160 miles north and as far east  and west
as central  Georgia and central  Louisiana.  Seedlings from this source also
performed well in independent tests by the University of Florida-Indus-
try Tree Improvement Cooperative. However, in a large and well-
designed Southeastern Forest Experiment Station tes&primarily  of Gedr-
gia and Florida sources-the central gulf coast source did not perform
best in Georgia. Georgia coastal plain sources were best in that test.
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Sources from Georgia Piedmont  and the southern edge of the range pro-
duced the least volume per tree at 16 years.’

Farther north, longleaf seeds from North and South Carolina can proba-
bly be freely interchanged, and tests have shown no differences between
sandhills and coastal plain sources. As in most species, seed collections
from scattered trees at the northern extremity of the range (near the
Virginia-North Carolina border) should be avoided. Seeds collected from
large, continuous populations would be a better choice for most planting
sites.

Genetic Improvement

Although there are 443 acres of first-generation longleaf pine seed or-
chards established in the South (Dennington and Farrar 1983),  no im-
proved seeds are currently available for sale, Primary emphasis has been
placed on breeding for fast initial height growth (a shorter grass stage)
and resistance to brown-spot needle blight.

Some seeds from seed-production areas may be available. The recom-
mended zones should be observed with seeds from either wild stands or
seed-production areas.

Figure 9.The five seed collection and planting zones
for longleaf pine (Dennington and Farrar 1983)
(modified by Kraus).

Recommended Planting Zones

Within each of the five seed collection and planting zones (fig. 9),  local
sources have performed best (Dennington and Farrar 1983). In general,
therefore, moving seeds from one zone to another is not recommended.

1  U n p u b l i s h e d  recorda,  S o u t h e a s t e r n  F o r e s t  E x p e r i m e n t  S t a t i o n ,  M a c o n ,  G A .
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Figure lO.-Natural range of Virginia pine.

Virginia Pine

Virginia pine occupies a wide range from New York south to Alabama
and Mississippi (fig. 10). It is widely planted for pulpwood and Christ-
mas trees both within and south and west of its natural range.

Geographic Variation

Although differences have been recorded between Virginia pine popula-
t ions in the Talladega Mountains of  central  Alabama and the sandhil ls  of
the mid-Atlantic States, there are insufficient data to declare these as dis-
tinct  ecotypes (Kell ison and Zobel  1974).

In a range-wide provenance study of Virginia pine, Genys (1966) found
that sources from Alabama, South Carolina, Tennessee, and Virginia had
high mortality when planted in Pennsylvania and variable performance
when planted in Maryland and Tennessee.

In a lo-year-old study in Tennessee, the best sources of Virginia pine
for Tennessee planting were from the central part of the great valley of
Tennessee (Todd and Thor 1979).

Genetic Zmprovement

A number of seed orchards of Virginia pine have been established by
Federal, State, and industrial organizations in the South. Due to the
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early flowering and heavy cone production of the species,  these orchards
have been producing commercial quantities of seeds for several years.

Due to the high interest in Christmas trees, cone collections in some
orchards have been confined to production of Virginia pine trees with the
best form and color for this purpose. Seeds and seedlings from the
Kimberly-Clark seed orchard have been in great demand in recent years
by Christmas tree growers. Trees from this central Alabama source have
exceptionally good form and good growth rates.

In the absence of definit ive seed zones,  local seeds should be used when-
ever possible. If local seeds are not available, it is safer to move seeds
east or west within the same province rather than north or south.

Figure Il.-Natural range of shortleaf pine.

Shortleaf Pine

Shortleaf pine has the most  extensive natural  range of any southern pine
but  produces only about  one-half  of  the total  southwide wood volume of
loblol ly  p ine  (Dorman  19’76).  The natural range of the species extends from
New York to Oklahoma and Texas (fig. 11) over a very wide range of
s i tes .
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Geographic Variation

Geographic variation in survival and growth of shortleaf pine is related
to the climate of the seed source (Wells 1979; Wells and Wakeley 19’70b).
In plantations as far north as northern Mississippi, trees from southeast-
ern sources (Georgia and South Carolina) survived betterand grew faster
than trees from northern sources. In plantations in Pennsylvania and New
Jersey, however, the northern sources were clearly superior to southern
sources in both survival  and growth.

Genetic Improvement

Clonal seed orchards of shortleaf pine have been established primarily
by Southern State forestry organizations and the USDA Forest Service.
A few forest  industries have also established orchards.  Currently there are
667 acres of shortleaf pine seed orchards (Kitchens 1987).

In recent years, the planting of shortleaf pine has decreased because
loblolly pine survives better  and grows faster  on many si tes formerly occu-
pied by shortleaf (Lambeth and others 1984). It is encouraging to note,
however, that on the Ouachita  and Oaark National Forests the survival of
shortleaf seedlings from the seed orchard was 22 percent higher than the
survival  of nursery-run seedlings (Kitchens 1987).

Currently, most of the shortleaf pine seedlings planted in the South are
on National Forests in Arkansas, Georgia, Kentucky, and Tennessee. Of
the average of 22,666 acres planted annually to shortleaf pine, 18,696 acres
are on National Forests (Kitchens 1987).

Seeds from shortleaf pine seed orchards are available from a number
of organizations.  The same geographic restr ict ions should be applied with
seed-orchard seeds as with wild seeds. Genetic improvement is of little
value if the seeds are not well adapted to the planting site.

Recommended Planting Zones

Figure 12 divides the range of short leaf  pine into f ive geographic zones.
Based on these zones, seed-collection recommendations are:

Planting in zone Collect  seeds in zone

1 or 2 1 or 6 northern half
3 2 , 3 , or north l/2 of 6
4 4
5 6
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Y Figure 12.-Seed-collection zones for shortleaf pine u
Wells 1979).

“i)
Specific Probleme

Littleleaf Disease. In a seed source study of shortleaf pine planted on
littleleaf sites in Georgia, South Carolina, and Virginia, Ruehle and Camp-
bell  (1971) found that  upland sources had fewer disease symptoms than the
coastal sources. The Prince Edward County, Virginia, source was the
best overall  source when all  three plantations were considered. This source
is in an area of ,high  incidence of littleleaf disease, and the seeds may
have been collected from resistant trees. In this case, natural selection
would have favored those trees that were resistant to the disease. A sim-
ilar procedure has been recommended by Goddard and others (1983)  for
improving the resistance of slash pine to pitch canker.

Sand Pine

The natural range of sand pine is restricted to deep sands in Florida
and the southern tip of Alabama (fig. 13). The Ocala race (variety clccz~sa)
is found in the central part of peninsular Florida, while the Choctawhat-
thee race (variety immuginata)  is located in the western end of the Flor-
ida panhandle and southern Alabama. The Ocala race has serotinous
cones, whereas Choctawhatchee cones open normally.

Geogmphic Variation

In field tests of the two varieties, Choctawhatchee sand pine generally
had higher planting survival, higher resistance to root rot, superior form,
and greater tolerance to freezing temperatures (Burns 1973, 1975).
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Genetic Improvement

Clonal seed orchards of Choctawhatchee sand pine have been established
by several organizations in the South, primarily in Georgia and Florida.
A seedling seed orchard of Ocala sand pine has been established by the
USDA Forest Service on the Ocala National Forest (Lewis and others
1985).

Recommended Planting Zones

Choctawhatchee sand pine has been successfully planted on sandhil ls
sites as far north as South Carolina (Hebb 1982). This race has performed
better than any other pine species tested in the Georgia sandhills (Outcalt
and Brendemuehl1985).  When they were last measured, the Georgia plan-
tations ranged in age from 6 to 19 years, and there were no indications of
serious damage from pathogens or weather. On the basis of this informa-
tion, it should be safe to plant Choctawhatchee sand pine throughout the
Georgia and South Carolina sandhills.

Planting of  Ocala sand pine should be restr icted to peninsular  Florida,
Direct  seeding of Ocala sand pine has been successful  on some sites on the
Ocala National Forest, but the survival of planted seedlings has usually
been poor.



Glossary2

Adaptation. The process of evolutionary (genetic) adjustments fitting
individuals or groups to their environment.

4Jine. A geographical gradient of phenotype or genotype within the
species’ range. Determining whether a cline  is genetic requires a teat in
a single environment. Usually clinal variation results from an enviromnen-
tal gradient. Portions of populations exhibiting such continuous (clinal)
change from one area to another should not be designated as  ecotypes,
racea.  or taxa.

Clone. A group of genetically identical  plants derived asexually from a sin-
gle  individual .

Ecotype. A race adapted to the selective action of a particular environ-
ment.  Most differences among ecotypes show up only when different eco-
types are tested in a uniform environment. Ecotypes are described, e.g.,
as climatic or edaphic.

Genotype. (1) An individual’s hereditary constitution, with or without
phenotypic expression of the one or more characters it underlies. Also
the gene classification of this constitution expressed in a formula. The
genotype is determined chiefly from performance of progeny and other
relatives. It interacts with the environment to produce the phenotype. (2)
Individual(s) characterized by a certain genie  constitution.

Genotype-environment interaction. The failure of entries to maintain
the same relative ranks and level of differences when tested in different
environments .

Geographic race. The race native to a geographic area.

Geographic variation. The phenotypic differences among native trees
growing in different portions of a species’ range. If the differences are
largely genetic rather than environmental, the variation is usually speci-
fied as racial, ecotypic, or clinal.

Local seed source. Source native to the locality in which the seedlings
are to be grown, i.e., belonging to the indigenous geographic race. Its
seed-collection zone is  usually defined experimentally as being within a cer-
tain distance or elevation of the planting site.

Phenotype. The plant or character as we see it; state, description, or
degree of expression of a character; the product of the interaction of the

’ From Snyder, E.B. 1972.  Glossary for forest tree improvement workers. rev. New Orleans,
L A :  U . S .  D e p a r t m e n t  o f  A g r i c u l t u r e ,  F o r e s t  S e r v i c e ,  S o u t h e r n  F o r e s t  E x p e r i m e n t  S t a t i o n .
22 p p .  U n n u m b e r e d  p u b l i c & i o n .
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genes of an organism (genotype) with the environment. When the total
character expressions of an individual are considered, the phenotype de-
scribes the individual .  Similar  phenotypes do not  necessari ly breed al ike.

Progeny test. Evaluation of parents by comparing the performance of
their offspring. Accuracy is usually gained because several to many off-
spring per parent are evaluated under more controlled conditions than
exist for the parent.

Race. A population that exists within a species and exhibits general ge-
netic characteris t ics  discontinuous and dist inct  from those of  other  popu-
lations. It is usually an interbreeding unit. When the distinguishing char-
acteristics of a race are adaptive, the term is synonymous with ecotype,
and the race is described similarly, e.g., climatic, edaphic.

Roguing. Systematic removal of individuals not desired for the perpetua-
t ion of  a  popula t ion;  cul l ing.

Seed-collection zone. Zone of trees with relatively uniform genetic
(racial)  composit ion as determined by progeny-test ing various seed
sources.  The encompassed area usually has definite geographic bounds,
climate,  and growing condit ions.  A single geographic race may be divided
into several  zones.

Seed orchard. A plantat ion consist ing of  clones or  seedlings from se-
lected trees, isolated to reduce pollination from outside sources, rogued
of undesirables,  and cultured for early and abundant production of seeds.

Seed-production area. A plus stand that is generally upgraded and
opened by removal of undesirable trees and then cultured for early and
abundant  seed production.

Seed source. The  locality where a seed lot was collected; also the seed
itself. If the stand from which collections were made was in turn from
nonnative ancestors,  the original seed source should also be recorded and
designated as the pro~eruznce.

Selection. Often synonymous with artlflcial selection,  which is  the choice
by the breeder of individuals for propagation from a larger population.
Artificial selection may be for one or more desired characteristics. It may
be based on the tree itself (phenotypic), or on the tree’s progeny or other
relatives (genotypic). Refers also to the tree selected.
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